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(54) STORAGE BATTERY MONITORING METHOD 

SPECIFICATION 

1. TITLE OF THE INVENTION 

Storage Battery Monitoring Method 

2 . CLAIMS 

(1) A storage battery monitoring method for detecting 
a charging/discharging current of a storage battery and 
computing and measuring an amount of stored electricity of 
said storage battery, said storage battery monitoring 
method characterized by changing a charging efficiency 
value used for said computation and measurement in 
accordance with a measured value of said amount of stored 
electricity. 

(2) A storage battery monitoring method as set forth 
in claim 1, further provided with a step of judging whether 
or not the measured value of the amount of stored 
electricity is larger than a predetermined value; a step of 
setting, the charging efficiency value to a defined value 
when said measured value is said predetermined value or 
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less; and a step of setting said charging efficiency value 
to a value changed according to a negative primary function 
when said measured value is larger than said predetermined 
value . 

(3) A storage battery monitoring method as set forth 
in claim 2, wherein the predetermined value is 80 to 90%. 

(4) A storage battery monitoring method as set forth 
in claim 2 or 3, wherein the defined value is 95 to 100%. 
3. DETAILED DESCRIPTION OF THE INVENTION 

[Field of Utilization in Industry] 

The present invention relates to. a storage battery 
monitoring method for finding an amount of stored 
electricity of a storage battery by computation and 
measurement, more particularly relates to a storage battery 
monitoring method achieving an increase of service life of 
a storage battery by suppressing cumulative addition error . 
[Prior Art] 

In general, when over charging or excessive 
discharging is repeated, the service life of the storage 
battery is lowered. Over charging induces power loss and 
reduction of an electrolytic solution, while excessive 
discharging induces a remarkable voltage drop. Accordingly, 
in order to prevent this, it has been required to detect a 
charging limit and a discharging limit of the storage 
battery and employ the storage battery within these limits. 

FIG . 4 is a circuit diagram showing a general storage 
battery monitoring system disclosed in for example Japanese 
Patent Application No. 61-27827 by a partial block diagram. 
In the figure, (1) is a DC power supply circuit having an 
unstable output, for example, a solar battery, (2) is a 
backflow preventing diode connected to the DC power supply 
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circuit (1), and (3) is a power source switch connected to 
the diode (2) . 

(4) is a storage battery forming a power storage 
device connected to the power source switch (3) and charged 
by the DC power supply circuit (1) when the power source 
switch (3) is closed- (5) is an electric shunt connected in 
series to the storage battery (4) and detects a current 
flowing in the storage battery (4), that is, a 
charging/discharging current I B ( + at the time of charging, 
and - at the time of discharging) . 

(6) are a plurality of load switches having first ends 
connected to the power source switch (3), while (7) are a 
plurality of loads connected to the other ends of the load 
switches (6) . When the load switches (6) are closed, the 
power from the storage battery (4) is supplied to the loads 
(7) connected to them. 

(8) is a storage battery control circuit for computing 
an amount of stored electricity AH (ampere hour) of the 
storage battery (4) from the charging/discharging current I B 
detected at the electric shunt (5) and opening/closing the 
power source switch (3) and the load switches (6) based on 
the result thereof, controls a difference of required power 
between the DC power supply circuit (1) and the load (7), 
and supplies stable power to the load (7) 

(10) is a voltage divider for detecting an upper limit 
of a charging amount from a terminal voltage of the storage 
battery (4) and connected across the ends of a serial 
circuit configured by the storage battery (4) and the 
electric shunt (5) . Further, the voltage divider (10) is 
configured by serially connected three resistors (10a) to 
(10c) . Voltages of the two ends of the resistor (10b) at 
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the center are input to the storage battery control circuit 
(8) . 

(11) is a float type specific gravity sensor attached 
inside an electrolytic tank (4a) of the storage battery (4) 
and detecting a lower limit of the charging amount from the 
specific gravity of the electrolytic solution. It has a 
contact (11a) closed when the specific gravity of the 
electrolytic solution becomes a defined value or less. A 
detection signal by this contact (11a) is input to the 
storage battery control circuit (8). 

Next, the operation of a conventional storage battery 
monitoring method using the storage battery monitoring 
system of FIG. 4 will be explained. FIG. 5 is a flow chart 
showing a conventional storage battery monitoring method 
executed in the storage battery control circuit (8). First, 
a charging/discharging current I B of the storage battery (4) 
is measured (step SI) . By using this charging/discharging 
current I B and a previously set count cycle t (second) , the 
change of the amount of electricity AAH is computed (step 
S) from: 

AAH = I B x t/3800 
Note that, here, the change of the amount of electricity 
AAH is handled as an absolute value. 

Next, it is judged whether or not the 
charging/discharging current I B > 0 to determine whether the 
computed change of the amount of electricity AAH is one by 
charging or one by discharging (step S3) . 

Here, when it is judged that the charging/discharging 
current I B < 0 and it is determined that the change of the 
amount of electricity AAH is due to discharging, the 
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measured value AHti-i of the amount of stored electricity of 
the storage battery (4) immediately before this step is 
used to compute the measured value AHr| of the amount of 
stored electricity after discharging (step S4) from: 
AHr) = AHr|-i - AAH 

On the other hand, when it is judged that the 
charging/discharging current I B > 0 and it is determined 
that the change of the amount of electricity AAH is due to 
charging, a previously set charging efficiency r\k(< 1) is 
used to compute the measured value AHr] of the amount of 
stored electricity after charging (step S5) from: 

AHti = AHr|-i + T|k x AAH 

Here, the change of the amount of electricity AAH is 
multiplied by the charging efficiency r|k because the 
storage battery (4) has an internal loss due to gas 
generation as is well known and because all of the amount 
of charging electricity cannot be extracted as the amount 
of discharging electricity. 

The measured value AHr| of the updated amount of stored 
electricity is stored as the present amount of stored 
electricity AH in the storage battery control circuit (8) 
in place of the measured value AHr|_i immediately before 
this . 

Finally, as preparation for counting the next 
charging/discharging current I B , it is judged whether or not 
a counting cycle t (second) has passed (step S6) . The 
routine returns to step SI after an elapse of t seconds, 
then the above operation is repeated. 

In this way, the newest measured value AHr| is 
continuously cumulatively added, computed, and counted. The 
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power source switch (3) is opened near the upper limit 
value of the amount of stored electricity in order to 
prevent over charging. All of the load switches (6) are 
opened near the lower limit in order to prevent over 
discharging. In the case within the usual range other than 
that, the load switches (5) are opened/closed in accordance 
with the measured value AHr| of the amount of stored 
electricity to increase or decrease the load amount . 

The actual charging efficiency r\ changes as shown in 
FIG. 6 along with the progress of the charging. It is 
substantially constant up to when the charging amount is 80 
to 90%. In the charging end period where the charging 
amount is more than this, that is, the amount of stored 
electricity AH is large, it drops sharply due to gas 
generation etc. 

Accordingly, in a long period, not only cumulative 
error due to the computation, but also a difference between 
the actual amount of stored electricity of the storage 
battery (4) and the measured value AHr| occurs. 
Particularly, at the time of irregular repeated 
charging/discharging usage, the charging/discharging 
efficiency differs for each repetition and the error 
increases. 

For example, when cumulative error occurs in the 
computed and measured value in the storage battery control 
circuit (8) and when this cumulative error is negative, the 
actual amount of stored electricity AH of the storage 
batter (4) gradually moves toward the upper limit direction 
(charging) from the computed and measured value. However, 
the terminal voltage of the storage battery (4) tends to 
sharply rise near the upper limit (charging end period) of 
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the amount of stored electricity AH, therefore the storage 
battery control circuit (8) can detect the terminal 
voltage. Then, when reaching the predetermined upper limit 
voltage value, the amount of stored electricity AH by the 
computation and measurement is corrected to the upper limit 
value of the amount of stored electricity corresponding to 
the upper limit voltage value of the terminal voltage. 

At this time, the charging characteristic changes 
according to the charging current value I B and ambient 
temperature, therefore if the upper limit voltage value is 
made variable according to the charging current value I B and 
the ambient temperature, correction having a further high 
precision is possible . 

Further, when the computation error is positive, the 
actual amount of stored electricity AH of the storage 
battery (4) gradually moves toward the lower limit 
direction (discharging) from the computed and measured 
value. However, when limited to the time of discharging, 
the specific gravity of the electrolytic solution in the 
electricity tank (4a) of the storage battery (4) drops 
substantially proportional to the discharging amount, 
therefore the actual amount of stored electricity AH of the 
storage battery (4) can be learned from the specific 
gravity value of the electrolytic solution. Namely, the 
contact (11a) of the specific gravity sensor (11) is closed 
when the specific gravity of the electrolytic solution of 
the storage battery (4) reaches the defined lower limit 
specific gravity value, therefore, by the closing signal of 
the contact (11a), the storage battery control circuit (8) 
corrects it to the lower limit value of the amount of 
stored electricity AH corresponding to the lower limit 
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specific gravity value of the electrolytic solution . 

At this time, the specific gravity value of the 
electrolytic solution slightly changes according to the 
electrolytic solution temperature, that is , the ambient 
temperature, but in the case of the float type specific 
gravity sensor (11) , when a material having a proper 
thermal expansion is selected as a float material, the 
fluctuation of the operation point of the contact (11a) due 
to the change of the ambient temperature can be compensated 
for and a specific gravity sensor ( 11 ) having a relatively 
good reproducibility can be achieved . 

Further, as another method, irrespective of the sign 
of the cumulative error, an auxiliary power source is 
periodically turned on at a ratio of for example about one 
time per week and the storage battery (4) is over charged 
t to an amount of stored electricity AH of about 120%, then ■_ 

the amount of stored electricity AH is reset to 100% to 
thereby correct the cumulative error . 

In this way, the cumulative error occurring due the 
computation and measurement results is managed so that the 
amount of stored electricity AH of the storage battery (4) 
is between the defined upper limit value and lower limit 
value . 

[Problem to be Solved by the Invention] 

In the conventional storage battery monitoring method, 
as described above, in order to reset the computation 
error, correction is made when reaching the upper limit 
value and the lower limit value or the storage battery (4) 
is periodically over charged . Therefore, in the former 
case, the difference between the measured value and the 
actual amount of stored electricity AH, that is, the 
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correction amount is large, so the range of utilization of 
the amount of stored electricity AH is reduced and the 
utilization area is biased to the charging side or 
discharging side and therefore the service life of the 
storage battery (4) is shortened. In the latter case, 
there are the problems that all of the amount of 
electricity of 100% of the amount of stored electricity AH 
or more became power loss. In addition, the service life of 
the storage battery (4) is lowered. The reduction of the 
electrolytic solution becomes remarkable due to gas 
generation along with the over charging, and the water 
replenishment cycle therefore becomes short. 

The present invention was made in order to solve the 
problems as described above and has as its object to obtain 
a storage battery monitoring method making the periodical 
over charging unnecessary by making the cumulative error 
due to the computation extremely small. 

[Means for Solving the Problems] 

According to the present invention, there is provided 
a storage battery monitoring method changing a charging 
efficiency value used for the computation and measurement 
in accordance with the measured value of the amount of 
stored electricity . 

[Mode of Operation] 

In the present invention, the charging efficiency 
value is changed by approximation corresponding to the 
amount of stored electricity (charging amount) found by the 
computation and measurement so as to obtain a measured 
value near the true amount of stored electricity at all 
times . 

[Embodiments] 



Below, an embodiment of the invention will be 
explained with reference to the drawings. FIG. 1 is a flow 
chart showing the operation of an embodiment of this 
invention, in which SI to S4 and S6 are the same as the 
steps shown in FIG. 5. Further, step S10 corresponds to the 
conventional step S5. FIG. 2 is a graph showing the 
relationship of the charging efficiency r| (%) with respect 
to the amount of stored electricity AH used in an 
embodiment of the present invention by approximation, while 
FIG. 3 is a graph showing a measured value of the amount of 
stored electricity AH with respect to the apparent charging 
amount (%) according to the computation and measurement of 
the embodiment of the present invention. 

Note that as the hardware for executing the operation 
shown in FIG. 1, the control steps of the storage battery 
control circuit (8) may be changed by using the steps shown 
in FIG. 4. 

First, the charging/discharging current I B is measured 
(step SI) to find the change of the amount of electricity 
AAH (step S2) from: 

AAH = I B x t/3600, 
Further, according to whether or not: 

Ib > 0, 

it is determined whether the current is a charging or 
discharging current (step S3) . In the case of discharging, 
the measured value AHr| of the amount of stored electricity 
is found (step S4) from: 

AHr| = AHti-i ~ AAH . 
The operation is as explained before. 

However, when it is determined to be charging at step 
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S3, the present amount of stored electricity AH (= AHr|-i) is 
compared with a predetermined value K (= 80 to 90%) and it 
is judged whether or not: 

AH > K 
(step S7) . 

If it is judged that the present value of the amount 
of stored electricity AH is the predetermined value K or 
less, as shown in FIG. 2, the characteristic of the 
charging efficiency r\ with respect to the amount of stored 
electricity AH is constant, therefore the charging 
efficiency r| is set at the defined value t|k (= 95 to 100%) 
(step S8) . 

Further, when it is judged in step SI that the present 
value of the amount of stored electricity AH is larger than 
the predetermined value K, the charging efficiency r\ is 
te- changed according to the approximate straight line 1 of 

FIG. 2 in accordance with that present value (step S9) . 

Here, when a segment of the straight line 1 with 
respect to the charging efficiency r| is ki and the absolute 
value of inclination is k 2 , it can be expressed as: 

r| = ki - k 2 x AH 

where, ki = K x k 2 

Next, based on the charging efficiency r| obtained at 
step S8 or S9, the measured value AHti of the amount of 
stored electricity AH after charging is found from an 
equation corresponding to the conventional step S5: 

AHr| = AHr|-i + r| x AAH 

Then, AHr| is updated as the present amount of stored 
electricity AH and stored. 

Below, in the same way as the above description, after 
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an elapse of t seconds, the routine returns to step SI 
(step S6) , and the same operation is repeated. 

In this way, as a result of the approximation of the 
amount of stored electricity AH by using the charging 
efficiency for each charging state of the storage battery 
(4) (see FIG. 4), for example, as shown in FIG. 3, a 
characteristic is obtained in which the measured value of 
the amount of stored electricity AH does not exceed 100% 
even with respect to the area where the apparent charging 
amount obtained by simply cumulatively adding the 
charging/discharging current I B is 100% or more. This 
characteristic is very close to the relationship between 
the apparent charging amount and the effective charging 
amount of the actual storage battery (4) . 

Accordingly, even by usage not according to the range 
of utilization of the amount of stored electricity AH, but 
according to the irregular repeated charging/discharging, 
the measured value of the amount of stored electricity AH 
nearest the effective charging amount can always be 
obtained . 

Further, as indicated by a broken line in FIG. 3, in 
the area where the apparent charging amount is near 100%, 
even when a difference occurs between the measured value of 
the amount of stored electricity AH and the actual 
effective charging amount, along with the progress of the 
charging, in the case where: 

Measured value of amount of stored electricity AH > 
effective charging amount, 

the measured value of amount of change AAH becomes 
smaller than the effective charging amount, and in the case 
of: 
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Measured value of amount of stored electricity AAH < 
Effective charging amount, 

the measured value of the amount of change AAH becomes 
larger than the effective amount of change. Accordingly, in 
any case, during the repetition of the computation and 
measurement, there is a tendency that the measured value 
will converge in a direction where the measured value of 
the amount of stored electricity AH and the effective 
charging amount coincide. There is no possibility at all 
that the error will become larger. 

Note that, in the above embodiment, an explanation was 
given of a case where the storage battery monitoring system 
shown in FIG. 4 was used, but the error does not disperse 
as explained above, therefore correction of the upper limit 
is unnecessary, and the voltage divider (10) for detecting 
the upper limit of the charging amount from the terminal 
voltage of the storage battery (4) may be omitted. 
[Effect of the Invention] 

As explained above, according to the present 
invention, in accordance with the measured value of the 
amount of stored electricity, the charging efficiency value 
used for computation and measurement is approximately 
changed and the measured value near the true amount of 
stored electricity can always be obtained, therefore there 
are effects that the cumulative error is reduced, the 
frequency of the reset operation becomes small, and a 
storage battery monitoring method realizing an increase of 
the service life of the storage battery is obtained. 
4. BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a flow chart showing the operation of an 
embodiment of the present invention; FIG. 2 is a graph for 



- 21 - 



approximately showing the relationship of a charging 
efficiency with respect to an amount of stored electricity 
used in an embodiment of the present invention; FIG . 3 is a 
graph showing the measured value of the amount of stored 
electricity with respect to the apparent charging amount 
according to computation and measurement of an embodiment 
of the present invention; FIG . 4 is a circuit diagram 
showing a general storage battery monitoring system by a 
partial block diagram; FIG. 5 is a flow chart showing the 
operation of a conventional storage battery monitoring 
method; and FIG . 6 is a graph showing the relationship of 
the charging efficiency with respect to a general storage 
battery charging/discharging ratio . 
(4) ■•• storage battery 

(8) • • • storage battery control circuit 
I B • • • charging/discharging current 
AH * • • amount of stored electricity 
AAH ■ • ■ change of amount of electricity 
r| • * • charging efficiency 
K • • • predetermined value 
t]k • * • defined value 

K 2 • * • absolute value of inclination of primary 
function 

51 • ■ • step of measuring charging/discharging current 

52 • • ■ step of computing change of amount of 
electricity 

S4, S10 ••• step for computing and measuring amount of 
stored electricity 

57 • • • step of comparing amount of stored electricity 
with predetermined value 

58 • • - step of setting charging efficiency to defined 
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value 

S9 • • • step of changing charging efficiency by primar 
function 

Note that, in the drawings , the same notations 
indicate the same or corresponding portions. 
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